Introduction
Voting requires citizens to incur costs in the short term in exchange for an expected benefit in the future. Citizens need to devote at least minimal attention to politics, make a decision between the parties or candidates on offer, and incur the costs of going to the polls. These costs are all paid before an election. By contrast, the non-expressive benefits of voting in an election, conferred to oneself or others, are only realized in the period after an election.
Given this tradeoff, voting may be an act for the patient (Fowler & Kam 2006) . This article draws on the intertermporal aspect of voting to demonstrate a direct link between genes related to impulsivity and the decision to vote. In doing so, it furthers our understanding of the etiology of political participation.
Recent work has demonstrated that variation in political participation can be attributed to genes. Using twin studies, Fowler, Baker & Dawes (2008) demonstrated that voter participation in two different samples suggested heritability of approximately 50%.
Following up on this finding, identified two genes, MAOA and 5HTT, that are associated with voter turnout. Additional research has also shown that political attitudes (Alford, Funk & Hibbing 2005) and partisan attachment (Settle, Dawes & Fowler 2009 , Hatemi, Hibbing, Alford, Martin & Eaves 2009 ), both closely related to turnout, also have a genetic basis.
One potential pathway linking genes to voter turnout is via the trait impulsivity.
Like turnout, impulsivity is heritable (Jang, McCrae, Angleitner, Riemann & Livesley 1998 , Bouchard & McGue 2003 and is also a significant predictor of turnout behavior (Fowler & Kam 2006) . This article tests for an association between two variants of the CHRNA6 gene and two of the CHRNB3 gene, both previously found to be associated with impulsive behaviors, and voter turnout. Based on the relationship between these genes and a strong preference for immediate over delayed gratification, we hypothesize they will be associated with a decreased likelihood of voting.
Our paper proceeds as follows. We review the theoretical case for the relationship between patience or impulsivity and the decision to vote. We then review previous findings related to CHRNA6 and related genes, paying particular attention to the behavioral and psychological correlates of these genes. Following this, we review our data, the basics of genetic association studies, and our research design. We then present our results, followed by a discussion of these findings.
Impulsivity, Patience and Turnout
We define impulsivity as an unwillingness or inability to forgo immediate gratification in exchange for greater reward at a later time. Our conception of impulsivity is interchangeable with that of patience where patience is defined as a "time preference" gauging the trade-off between present and future consumption (Becker & Mulligan 1997) . Studies in psychology have demonstrated that impulsivity exists very early in life (Mischel, Shoda & Rodriguez 1989) , is stable (Mischel, Shoda & Peake 1988 , Funder, Block & Block 1983 , and is related to other traits such as intelligence (Mischel & Metzner 1962) and social responsi-bility (Mischel & Gilligan 1964 , Stumphauzer 1972 . Moreover, this trait has implications throughout the life-cycle. For example, individual-level impulsivity has been correlated to lifetime earnings, investment and saving, smoking, alcohol and other substance abuse, gambling, and educational attainment (Funder, Block & Block 1983 , Mischel 1974 ).
How is impulsivity or patience related to voting? The classic calculus of voting suggests that the decision to vote depends on the expected benefits to be received from a vote less the cost of voting, or P B − C, where P is the probability of being decisive, B are the benefits to be received by the desired election outcome, and C is the cost of voting.
While the costs of voting, such as learning the issues and going to the polls, are paid on or before election day, the benefits of having a policy implemented usually take much longer to realize. Therefore, the rational choice calculation P B − C is largely a comparison of present costs and future benefits. More patient individuals are likely more willing to pay the present costs even though they do not gain the benefits immediately. Impulsive individuals, on the other hand, do not tend to delay gratification and thus are more likely to heavily weight the present costs over future benefits. Citizens voting to maintain the democratic form of governance must also take a longer view. Likewise, citizens with social preferences (Fowler 2006 , Loewen 2010 , Dawes, Loewen & Fowler 2009 , Edlin, Gelman & Kaplan 2007 trade off present costs for future benefits to other citizens. In short, the importance of patience applies with equal felicity to a variety of theoretical explanations of the decision to vote.
In addition to the theoretical plausibility of this relationship, empirical evidence also exists. Fowler & Kam (2006) present results supporting the argument that more patient individuals are more likely to vote. The authors elicited patience in a laboratory setting by administering what is often referred to as a delay discounting task where subjects are asked questions of the form "Would you prefer to have $10 today or $15 in one month?"
The amounts of the immediate rewards and duration of the delay are successively modified and subject choices can be used to derive their discounting function. Fowler and Kam found that those more willing to wait for a higher payoff are also more likely to report having voted. Less direct evidence is provided by Gerber, Huber, Raso & Ha (2008) , who explore the association of "Big Five" personality traits with voter participation. Following John & Srivastava (1999) , they note that conscientiousness is related to impulse control and task and goal-oriented behavior. They find that this trait is weakly related to self-reported turnout. Moreover, in keeping with Whiteside & Lynam (2001) 's conception of impulsivity as positively related to emotional stability, they also find a relationship between this stability and voter participation.
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In this article, we examine two genes that have been previously associated with impulsive behavior, CHRNA6 and CHRNB3. We provide a brief general overview of genetic concepts followed by a review of previous research on these genes, our data, and our research design.
CHRNA6 and CHRNB3 Genes
Neurons are nerve cells that are responsible for sending, receiving, and processing information. In order for this information to be sent from one neuron to another, signals must cross a small gap called a synapse that exists between the axon of a sending neuron and dendrite of the target neuron. Receptors on the sending and target neurons play a critical role in this process. Neurotransmitters, released by the axon of the sending neuron cross the synaptic gap and bind with receptors on the dendrite of the postsynaptic (receiving) neuron. The release of these neurotransmitters is modulated by receptors located on the sending neuron.
In both cases, the binding of neurotransmitters to receptors cause changes in the receptor's metabolic activity that facilitates neurotransmission. Researchers studying impulsive behavior have focussed on presynaptic nAChR receptors, and the genes that code for them, because they have been shown to modulate dopamine release in the midbrain (Wonnacott 1997) . Dopamine in the substantia nigra compacta (SNc) plays a critical role in positive reinforcement associated with learned behavior as well as maintaining established stimulus response habits (Meyer, Yoshikami & McIntosh 2008) . The SNc also supplies dopamine to the striatum, an area of the brain that has been demonstrated to be highly active during laboratory tests of delay discounting (Hariri, Brown . These behaviors are considered to be impulsive because they privilege immediate small rewards over long-term health benefits. These behaviors are in turn highly correlated with impulsivity as measured by the delay discount task (Madden, Petry, Badger & Bickel 1997 , Bickel, Odum & Madden 1999 .
Taken together, these results suggest that such genes play an important role in the regulation of impulsive behavior precisely because of the central role of the dopamine system in the mediation of pleasurable rewards (Schlaepfer, Hoft & Ehringer 2008) . Related evidence from other genes in the dopamine system provides similar evidence. Given the plausibility of this relationship between nAChRs, impulsivity, and turnout, we set out to explore the relationship between four variants on two nAChRs and voter turnout. We present these results after reviewing our sample and research design.
Add Health Sample
The National Longitudinal Study of Adolescent Health (Add Health) is a nationally representative study that explores the causes of health-related behavior of adolescents in grades 7 through 12 and their outcomes in young adulthood.
2 The first wave of the Add Health study was collected in 1994-1995 when subjects were between 11 and 19 years old, the second wave in 1996, and the third wave in 2001-2002 when subjects were between 18 and 26 years old.
The third wave was made up of 15,170 of the original Wave I participants.
In Wave I of the Add Health study, researchers created a genetically informative sample of sibling pairs. These pairs include all adolescents that were identified as twin pairs, siblings, half siblings, or unrelated siblings raised together. The Wave I sibling-pairs sample has been found to be similar in demographic composition to the full Add Health 2 The Add Health study has been extensively described elsewhere. Details about the study can be found at www.cpc.unc.edu/addhealth. sample (Jacobson & Rowe 1998 
Population Stratification
A genetic association study indicates whether an allele is found more frequently than can be attributed to chance in a group exhibiting a particular trait than those without the trait.
In our case, we seek to identify if the frequency of an allele is lower among voters than abstainers. A significant association can mean that the allele itself influences turnout or that the observed association is a false positive signal due to what is known as population stratification. Population stratification occurs when groups have different allele frequencies due to their genetic ancestry. Political behavior in these groups may be affected by their environments, alleles other than the one of interest, or some unobserved factor. Once these two groups mix in a larger population, simply comparing the frequency of an allele to the the number of voters would lead to a spurious association.
There are two main research designs employed in association studies: case-control designs and family-based designs. Case-control designs compare the frequency of alleles or genotypes among subjects that exhibit a trait of interest to subjects who do not. As a result, they are vulnerable to population stratification. A typical way to control for this problem is to include controls for the race / ethnicity of the subject or to limit the analysis to a specific racial or ethnic group. Family-based designs eliminate the problem of population stratification by using family members, such as parents or siblings, as controls. Tests using family data compare whether offspring exhibiting the trait receive a risk allele from their parents more often than would be expected by chance. 5 A major limitation of family-based studies is that they tend to be underpowered, thus prone to Type I error (Xu & Shete 2006) .
In this study we employ both case-control and family-based designs.
Case-Control Results
The first approach we use to test for genetic association is a mixed-effects logistic regression model (Guo & Zhao 2000 , Xu & Shete 2006 :
where i and j index subject and family respectively, X is the number of SNP alleles (0,1,or 2), Z is a matrix of variables to control for underlying population structure of the Add Health samples as well as other variables that may influence voter turnout, U is a family random effect that takes into account the fact the observations are not independent because siblings come from the same family. The random effect controls for genetic and environmental correlation among family members. For rs2304297 (SNP1), rs892413 (SNP2), and rs13280604 (SNP4) X is the number of G alleles and for rs4950 (SNP3) it is the number of C alleles.
The allele frequencies for each SNP are presented in the appendix.
To control the effects of the underlying population structure, we use indicator variables for whether a subject self-reported as Black, Hispanic, Asian, or Native American (omitted category is White). Following the policy of the United States Census, Add Health allows respondents to mark more than one race. In our sample, 108 subjects chose 2 races, 9 subjects chose 3 races, and 37 subjects chose no race. Those 117 subjects choosing more than one race were omitted from the analysis to limit the risk of population stratification.
We also re-run the analysis restricting the sample to only white non-hispanic respondents (58% of the sample). to be equal to the original significance threshold divided by the number of tests. In our case 0.05/4 = 0.0125.
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In Table 2 we further test the association between rs2304297 and turnout. First, to try and minimize the risk of population stratification we restrict the analysis to self-reported whites. The association remains significant (p < 0.01). Second, we include a number of factors previous studies have found to influence turnout in the baseline model. (Verba, Schlozman & Brady 1995) , and income (Verba, Schlozman & Brady 1995) . Consistent with previous findings nearly all of these controls are significant, however the rs2304297 SNP remains significant even after their inclusion in the model.
Finally, Figure 1 presents the simulated first differences for the rs2304297 model in Table 1 . Holding the control variables at their means and changing the number of G alleles from zero to one decreases average turnout by about 5 percentage points and from zero to two by about 10 percentage points. Both simulated first differences are significantly different from zero. 
Family-Based Results
In order to ensure population stratification is not driving our results, we also use a familybased test of the association between the G allele of rs2304297 and turnout. Spielman & Ewens (1998) constructed a sibling-based test of association, known as the sib TDT, for binary traits. In this test, sibling members of a nuclear family are compared with one another to determine whether the allele frequency among those "affected" siblings is significantly different from "unaffected siblings" (voters and abstainers in our case). For the sib TDT to be a valid test of association, sibships must be made up of exactly two siblings, one affected and one unaffected, with different genotypes.
9 If there is no association, which is the null hypothesis, then each genotype is equally likely for affected and unaffected sibs in these sibships (Spielman & Ewens 1998) . Based on this criteria, we have 82 sibships (164 individuals) in our sample.
The sib TDT supports the finding of an association between the G allele and turnout (χ 2 = 4.26, p = 0.04) that was found using the case-control approach. 10 However, the simple sib TDT does not allow the inclusion of potentially relevant covariates like age and gender.
An alternative approach is to model the sib TDT using a retrospective logistic regression model (Waldman, Robinson & Rowe 1999 , Zou 2006 . Table 3 shows that the logistic sib TDT also yields a significant association with the inclusion of age and gender as covariates (p = 0.03). Table 3 : Family-based test of association between CHRNA6 and turnout. The model is a mixedeffects logit which estimates a random intercept for each family (not shown). The dichotomous dependent variable is whether or not the kth allele (k = 1, 2) is an G allele [G allele = 1, G allele = 0]. Odds ratios (OR) are presented. Detailed variable descriptions are provided in the appendix.
Retrospective Logit
In summary, the case-control test shows a significant association between the rs2304297 SNP and turnout even after accounting for the fact we conducted four tests. This finding is confirmed by a family-based test that is designed to protect against population stratification.
Discussion
This study found that a gene variant that codes for the α6 subunit of the nicotine acetylcholine receptor is significantly associated with self-reported turnout. This gene is also associated with impulsive behaviors like nicotine addiction (Li et al 2005 , Feng et al. 2004 , Hoft et al 2009b , Schlaepfer et al 2008 and alcohol abuse (Hoft et al 2009a) . Further, this gene is known to regulate dopamine release in areas of the brain that are activated during participation in laboratory experiments designed to measure impulsivity (Hariri et al. 2006 ).
Finally, impulsivity has been shown to be a predictor of whether or not an individual votes (Fowler & Kam 2006) . Taken together, we theorize that the CHRNA6 SNP rs2304297 is associated with turnout via its effect on impulsivity.
The study of voter turnout is central to political science, not least because of the centrality of elections to political life and because of the place of voter turnout at the head of a broader array of participatory actions. To date, this study has focussed almost exclusively on institutional, historical, and sociodemographic factors. Recently, however, scholars have turned their attention to basic differences between individuals as explanations for different propensities to vote in elections. For example, scholars have identified personality traits which are correlated with voter turnout (Gerber et al. 2008 , Blais & Labbé-St-Vincent 2010 , Whiteside & Lynam 2001 , Denny & Doyle 2008 . More closely related to this study, scholars have demonstrated that voter turnout is heritable (Fowler, Baker & Dawes 2008) and is associated with genetic variants related to the serotonin system ) and the dopamine system ). Also, more general prosocial orientations closely tied to turnout (Fowler 2006 , Edlin, Gelman & Kaplan 2007 However, we do not have an instrument to directly measure the role of patience in turnout.
This limits our conclusions until we can conduct a formal test of mediation.
Second, our sample is representative of young adults in America, but not the broader population. Our finding may not generalize to the adult population, though we have no reason to believe that the relationship between patience and turnout differs for younger and older adults. Nonetheless, these results would best be replicated in a larger population.
Third, our work may not account for environmental variation between our subjects.
For example, we may be missing important differences in the information environments of our subjects (DiMaggio, Hargittai, and Neuman 2001) . We likewise may be overlooking important differences in the competitiveness of down-ballot races (Shachar and Nalebuff 1999). Finally, we do not have explicit controls for the expected benefits of the election for different voters. All of these factors can be expected to affect the decision to vote, and some may in fact interact with patience. We have two responses to this limitation. First, we have good reason to believe that genes are causally prior to environmental factors. After all, they are set at conception. Second, even if the effects of the gene in question are mediated or conditional on environment, we would still expect the gene to matter for at least some individuals, and likely more strongly than the average estimate presented here.
The great majority of the work of identifying the genetic basis of political behavior remains to be done. We cannot, for example, expect to find a single voting gene. Rather, we should look to candidate genes which regulate or influence behavioral analogues to political behavior and then measure their effects on this behavior. We should also seek out and measure environmental variation that will allow us to know the conditional effects of genes.
Finally, we should seek to replicate our work in different populations and different contexts.
It is challenging work, but it is the way forward if we wish to realize a more comprehensive account of political participation. Table 5 : Percentage of the sample with 0,1,or 2 alleles. For rs2304297 (SNP1), rs892413 (SNP2), and rs13280604 (SNP4) the number of G alleles is presented and for rs4950 (SNP3) it is the number of C alleles.
Summary Statistics

Single Nucleotide Polymorphisms
Genes are distinct regions of human DNA that form the blueprint for molecules that regulate the development and function of the human body. DNA is made up of subunits called nucleotides. There are four such nucleotides: adenine (A), cytosine (C), thymine (T), and guanine (G), named based on the nitrogenous base that they contain. Some genes come in different versions, known as alleles. A polymorphism exists when there is more than one type of allele (at a locus) that exists in the population. When individuals differ in terms of a single nucleotide pair, it is known as a single nucleotide polymorphism (SNP). For example, a portion of DNA from one individual may be CCTA and from another be CTTA. In this example, the SNP (in bold) has two alleles, C and T. This is illustrated in Figure 2 .
Single Nucleotide Polymorphism
Figure 2: Single Nucleotide Polymorphism
